Abstract -Molybdenum-95, hydrogen-1 , oxygen-17 and sulfur-33 hyperfine coupling constants are available via electron spin resonance for a number of 0x0-molybdenum enzymes, and for xanthine oxidase in particular. The enzyme data is compared with complementary information obtained for a series of model complexes featuring quadridentate N+2 ligands. The comparisons indicate that MoVOS(OR) and MoVO(SH)(OR) (OR = bound product) are the centres responsible for the "Very Rapid" and "Rapid ESR signals of xanthine oxidase. A MoVO(OH) centre appears to be involved in the "Slow" ESR signal of xanthine oxidase and in the low pH forms of sulfite oxidase and the nitrate reductases.
The enzymes cycle through oxidation states VI, V and IV during turnover. The most direct structural information comes from EXAFS data (ref. 
E N Z Y M E ESR SIGNALS
ESR signals characteristic of Mov appear upon reduction of the enzymes (ref. 4) . In particular, the Very Rapid (t 1,2, -1Oms) and Rapid (t 1, 2 -25ms) signals are associated with turnover of active xanthine oxidase by xanthine. The Slow signal appears upon reduction of desulfo xanthine oxidase by dithionite. Bray's prolific work (ref. 4, 5) has provided a wealth of ESR information at 9 & 35 GHz. This includes lH, 13C, 170, 33S, 95Mo and 97Mo hyperfine coupling data for atoms associated with the catalysis.
Our own work on the enzymes has concentrated on examination of the xanthine oxidase ESR signals at low frequencies (2-9 GHz). Advantages include reduced linewidths allowing better resolution of hyperfine structure and a useful redistribution of spectral information: to first order, hyperfine interactions are independent of frequency whereas g-value resolution is frequency dependent (ref. 6). Importantly, the effects upon the spectra of noncoincidence of the coordinate axes of the g and various hyperfine coupling matrices is minimised at low frequency. This is particularly helpful in the simulation of spectra from low symmetry enzyme sites. Adequate simulations are obtained for low frequency spectra featuring both magnetic and nonmagnetic nuclei. Then, non-coincident angles are refined at higher frequencies. A parameter set can be accepted only when it reproduces spectra at all frequencies examined.
Recently we have defined the 95M0 hyperfine matrices for the Rapid type 1, Rapid type 2 and Slow signals for 95Mo-enriched Isotope substitution of these species with 2H, 170, 33S, 95Mo and gablo has been carried out to provide high quality ESR data for comparison with the enzymes. Use of the nonmagnetic isotope 98M0 allows ligand hyperfine coupling to be observed unambiguously, while use of %lo ensures the metal hyperfine coupling is observed in the absence of the quadrupole effects of the 97Mo nucleus (natural abundances: 95Mo, I = 5/2, 15.72 atom %; %lo, I = 5/2; 9.46 atom %). The latter are important both in XO and model compound spectra (ref. 5).
7,12).

ENZYME AND MODEL COMPOUND COMPARISONS
Only the most striking analogies apparent from existing data are canvassed in this brief review.
Comparisons of the average coupling constants a(lH) and a( I7O) are given below (units: x104 cm-I):-
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The values observed for the enzyme signals vary somewhat with substrate, buffer and added anion. A dependence upon the particular quadridentate liiand occurs for the synthetic species. At least two oxygen atoms are coupled to the Slow signal (ref. 14) and the more strongly coupled one has a coupling constant similar to that of the hydroxyl oxygen of [MoO(OH)L]. While a coupling constant close to 2~1 0 -~c m -l appears to be diagnostic of an apical 0x0 ligand in MoVO species, the available data for an OR group cis to 0x0 suggests that the rnagnitide of the oxygen coupling varies significantly with the detailed environment of the oxygen atom (ref. 7). The observed average value of 6 . 5~1 0~4 c m -~ for the single 0 atom coupled to the Rapid type 1 signal is too large to be attributed to an apical 0x0 ligand as present in [MoO(SH)L] and bound product OR is a more likely candidate. (ref. 6-8) where the relative magnitudes of the hyperfine components and misalignment angles are similar and one of the principal axes of g and A coincide in each case.
A. G. WEDD AND J. T. SPENCE The a(1H) and a( 170) couplings are consistent with [Mo vO(SH)(OR)] and [Mo vO(OH)
The relationship between the Very Rapid and Rapid type 1 signals of functional XO is of considerable interest. We have previously assigned a MoVOS(OR) centre to the Very Rapid signal on the basis of the anisotropy of g (with gl being greater than that for the free electron), the absence of H coupling and the presence of strong 170 coupling. This assignment is made less plausible by the observation that g for [MoOSLI-is much more highly rtiombic than that for the Very Rapid centre (ref. 12,15) 
